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INTRODUCTION 
T h i s  t e s t  r e p o r t  d e s c r i b e s  t h e  N o n d e s t r u c t i v e  T e s t i n g  
(NDT)  on t h e  Space S h u t t l e  S o l i d  R o c k e t  B o o s t e r  ( S R B )  
F i l a m e n t  wound Case (FWC) S h o r t  S t a c k  S t r u c t u r a l  T e s t  
A r t i c l e  no. 2 (STA-2A) d u r i n g  t e s t  o f  phases  1B-9C. 
The p r i m a r y  o b j e c t i v e  o f  t h i s  t e s t i n g  w.as t o  v e r i f y  t h e  
s t r u c t u r a l  i n t e g r i t y  o f  t h e  SRB-FWC f o r  c r i t i c a l  d e s i g n  
l o a d s .  A n o t h e r  o b j e c t i v e  was t o  q u a n t i f y  t h e  e f f e c t s  o f  
l o a d  d i s t r i b u t i o n s  i n  t h e  A f t  S k i r t .  The NDT o b j e c t i v e s  
were t o  d e t e r m i n e  t h e  A c o u s t i c  E m i s s i o n  c h a r a c t e r i s t i c s  
o f  t h e  FWC SRB and t o  i d e n t i f y  p o s s i b l e  d e s i g n  
d e f i c i e n c i e s  o r  d e f e c t  g rowth .  
The t e s t s  o c c u r r e d  i n  b u i l d i n g  4572 a t  M a r s h a l l  Space 
F l i g h t  C e n t e r  (MSFC)  f r o m  25 J a n u a r y  t o  2 August,  1985. 
A b r i e f  d e s c r i p t i o n  o f  each t e s t  phase f o l l o w s :  
PHASE 1B-ACOUSTIC E M I S S I O N  CYCLE: T h i s  t e s t  was 
p e r f o r m e d  t o  d e t e r m i n e  t h e  AE c h a r a c t e r i s t i c s  o f  t h e  FWC 
d u r i n g  p r e s s u r e  t e s t i n g .  
PHASE 2-AFT ET ATTACH POINT INFLUENCE TEST: T h i s  t e s t  
was p e r f o r m e d  t o  d e t e r m i n e  t h e  l o c a l  d e f l e c t i o n s ,  
s t r a i n s ,  and s t r e s s e s  o f  t h e  A f t  SRM/ET A t t a c h  R i n g  A rea  
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d u r i n g  i n d i v i d u a l  l o a d i n g  o f  s t r u t s ,  i n d i v i d u a l  
t a n g e n t i a l  and r a d i a l  l o a d s ,  and i n d i v i d u a l  moment l oads .  
L o a d i n g  was p e r f o r m e d  w i t h  t h e  STA a t  a m b i e n t  t e m p e r a t u r e  
and p r e s s u r e .  
PHASE 3-AFT ET ATTACH POINT, INFLUENCE TEST WITH INTERNAL 
PRESSURE:  T h i s  t e s t  was p e r f o r m e d  t o  d e t e r m i n e  
d e f l e c t i o n s ,  s t r a i n s ,  and s t r e s s e s  o f  t h e  A f t  SRM/ET 
A t t a c h  R i n g  A rea  d u r i n g  t h e  t e s t s .  
. 
PHASE 4-AFT ET ATTACH POINT, H I G H  Q BOOST: T h i s  t e s t  was 
t o  d e t e r m i n e  d e f l e c t i o n s ,  s t r a i n s ,  and s t r e s s e s  o f  t h e  
SRM/ET A t t a c h  R i n g  A rea  d u r i n g  H i g h  Q Boost .  
PHASE 5-AFT ET ATTACH POINT, LIFT-OFF: T h i s  t e s t  was 
pe r fo rmed  t o  d e t e r m i n e  d e f l e c t i o n s ,  s t r a i n s  and s t r e s s e s  
of  t h e  A f t  S k i r t / E T  A t t a c h  R i n g  A rea  d u r i n g  l i f t - o f f .  
PHASE 6-FORWARD ET ATTACH POINT, INFLUENCE: T h i s  t e s t  
was p e r f o r m e d  t o  d e t e r m i n e  t h e  s t r a i n  r e s p o n s e  o f  t h e  FWC 
and t h e  l o c a l  d e f l e c t i o n s  of  t h e  Fo rward  FWC Segment 
d u r i n g  t h e  t e s t s .  
TWR-17748 
PHASE 7-FORWARD ET ATTACH. POINT LIFT-OFF: T h i s  t e s t  was 
pe r fo rmed  t o  d e t e r m i n e  d e f l e c t i o n s ,  s t r a i n s ,  and s t r e s s e s  
d u r i n g  L i f t - o f f .  
2 
2.0 
PHASE 8-FORWARD ET ATTACH POINT, M A X I M U M  A X I A L  
ACCELERATION: This test was' performed to determine 
deflections, strains, and stresses during maximum 
acceleration. 
PHASE 9C-PRELAUNCH: This test was performed to determine 
deflections, strains, and stresses during prelaunch 
loads. 
ACKNOULEDGEMENTS 
The Nondestructive Testing covered i n  this report was 
conducted I n  parallel with the Static Structural tests 
conducted by NASA at MSFC. The NDT is directly 
influenced by the test facility, test article, test loads 
and instrumentation. These subjects are covered i n  great 
detai 1 by N A S A  reports, "FWC-QUAL-ET 86-01 1" and 
"SRB/FWC-QUAL-ET 86-012". Due to the importance o f  these 
factors, reproduction of sections of these reports 
pertinent to the NDT results are included i n  this report. 
Load ramps and drawings of test article or test facility 
are taken directly from these documents. 
TWR-17748 3 
@ 3.0  
3.1 
3.2 
NDT INSPECTION METHODS 
A b r i e f  d e s c r i p t i o n  o f  t h e  t h r e e  NDT methods c a r r i e d  o u t  
on STA-EA f o l l o w s .  
S c a n n i n g  U l t r a s o n i c  T e s t i n q  and Recordinq ApPara tus  
(SUTRA) 
SUTRA o p e r a t e s  i n  t h e  U l t r a s o n i c  t h r o u g h  t r a n s m i s s i o n  
mode. I n  t h i s  mode u l t r a s o n i c  p u l s e s  t r a n s m i t  f r o m  one 
t r a n s d u c e r ,  t h r o u g h  t h e  compos i te ,  and a r e  r e c e i v e d  by  a 
second t r a n s d u c e r  on t h e  o t h e r  s i d e  o f  t h e  t e s t  a r t i c l e .  
The compu te r  r e c o r d s  t h e  n e t  a t t e n u a t i o n  o f  t h e  
u l t r a s o n i c  p u l s e s  as t h e  s c a n n i n g  sys tem moves t h e  
t r a n s d u c e r s .  The main  advan tage  o f  t h i s  i n s p e c t i o n  
t e c h n i q u e  i s  a compu te r  drawn a t t e n u a t i o n  map o f  t h e  p a r t  
i s  genera ted .  The d i s a d v a n t a g e s  are :  no d e p t h  
i n f o r m a t i o n ,  t h e  need f o r  access  t o  b o t h  s i d e s  o f  t h e  
p a r t ,  and t h e  need . f o r  permanent  l o c a t i o n  o f  equipment .  
U l t r a s o n i c  P u l s e  Echo (PE) 
I n  P u l s e  Echo mode a s i n g l e  t r a n s d ' u c e r  o p e r a t e s  as b o t h  a 
t r a n s m i t t e r  and r e c e i v e r .  The u l t r a s o n i c  t r a n s d u c e r  ~ 
sends a p u l s e  i n t o  t h e  p a r t .  The p u l s e  r e f l e c t s  f r o m  t h e  
back s u r f a c e  o f  t h e  p a r t .  The r e c e i v e r  d e t e c t s  t h e  
TWR-17748 4 
3.3 
r e f l e c t e d  pulse .  The t ime de lay  between p u l s e  
t r a n s m i s s i o n  and r e c e p t i o n  i s  a measure of t h e  p a r t  
t h i c k n e s s .  I f  a f law i s  p r e s e n t ' t h e  pu l se  r e f l e c t i o n  
from t h e  f law r e t u r n  sooner  than t h a t  from the  normal 
back s u r f a c e  of t h e  p a r t .  T h e  main advantages  t o  t h i s  
method a re :  d e p t h  measurements, t he  equipment i s  
p o r t a b l e ,  and i n s p e c t i o n  i s  p o s s i b l e  from one s i d e  o f  t h e  
p a r t .  The d i sadvan tages  a re :  t he  i n s p e c t i o n  i s  very t ime 
consuming, and there  i s  no permanent record  of the 
i n s p e c t i o n .  
A c o u s t i c  Emission ( A E l  
A E  d e s c r i b e s  t h e  e l a s t i c  s t ress  wave produced a s  a r e s u l t  
of t h e  a p p l i c a t i o n  of s t r e s s .  A E  d e t e c t s  s t r e s s  waves 
u s i n g  s e n s i t i v e  p i e z o - e 1 e c t r . i ~  t r a n s d u c e r s .  T h e  p a t t e r n s  
of t h e  s t r e s s  waves  g i v e  in format ion  on d e f e c t  t y p e  and 
l o c a t i o n .  T h e  m a i n  a d v a n t a g e  i s  t h e  d e t e c t i o n  of d e f e c t  
growth throughout  t h e  p a r t  while  loading.  T h e  




NDT EQUIPMENT DESCRIPTION 
U l t r a s o n i c  ( P u l s e  Echo1 
The u l t r a s o n i c  i n s p e c t i o n  sys tem used was a K r a u t k r a m e r  
B ranson  model USD-1. The t r a n s d u c e r  was a Ze ro  I n t e r f a c e  
Probe ( Z I P ) ,  w h i c h  i s  a 0.5 mhz, 1.0 i n c h  d i a m e t e r ,  w i t h  
a 0.600 i n c h  d e l a y  l i n e .  The USD-1 i s  c a p a b l e  o f  
d i g i t a l i z i n g  and s t o r i n g  waveforms f r o m  t h e  CRT d i s p l a y  
o n t o  r e m o v a b l e  b u b b l e  memory modules.  T h i s  u n i q u e  
f e a t u r e  a l l o w s  compar i son  o f  waveforms a f t e r  each 
c r i t i c a l  t e s t  phase. A H e w l e t t - P a c k a r d  model 7550A 
p l o t t e r  was used f o r  p l o t t i n g  d i g i t i z e d  waveforms. 
4.2 Acoust ic  Emission 
Deve lopment  o f  t h e  A c o u s t i c  E m i s s i o n  sys tem was b y  
P h y s i c a l  A c o u s t i c s  C o r p o r a t i o n  f o r  M o r t o n  T h i o k o l  I n c .  
F i g u r e  1 shows t h e  components of  t h e  system. A b r i e f  
d e s c r i p t i o n  o f  t h e  components i s  as  f o l l o w s :  
[ 6 ]  P h y s i c a l  A c o u s t i c s  3000/3004 A c o u s t i c  E m i s s i o n  
a n a l y z e r s .  The 3000/3004 A c o u s t i c  E m i s s i o n  a n a l y z e r  has 
- f o u r  AE c h a n n e l  i n p u t  w i t h  up t o  4 l o a d  i n p u t s .  The 
d i g i t i z e d  AE s i g n a l  d a t a  f r o m  each t r a n s d u c e r  d i s p l a y s  i n  
r e a l  t i m e  on t h e  compu te r  CRT. 
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[6] HD-10 Winchester hard' disk drives for data storage. 
[6] Servogor 460 strip chart recorder. The strip chart 
recorder monitor A E  events versus time and load. 
[4] Physical Acoustics Model FRP-1. The FRP-1 records 
A E  signal information from sixteen transducers. It 
prints a hard copy of A E  sensor activity and amplitude at 
selected test points during the test. 
[88] Physical Acoustics R15I transducers. The R15I is a 
piezoelectric transducer with an integral 40 d b  
amplifier. The peak resonance is 150 khz. The R15I 
transducers are coupled t o  the F W C  with hot melt glue. 
The transducer locations are shown i n  Figure 2. 
Morton Thiokol Acoustic Emission personnel have modified 
the above equipment t o  optimize its use i n  composite 
testing as follows: 
The modification of the-Physical Acoustics 3000/3004 
allows h i g h  speed data output to strip chart recorders. 
The off-the-shelf model has an output of approximately 
100 events per second per channel. The modified unit 
records 2500 events per second per channel. H i g h  speed 
data acquisition is important when testing the FWC. 
7 
5.0 
The Physical Acoustics FRP-1 modification raised the 
event detection threshold to 0.1 volts. The off-the- 
shelf model has a threshold of 0.01 volt. The higher 
threshold is necessary to prevent saturation of the FRP-1 
during h i g h  event rates. 
Special software for Morton Thiokol developed by Physical 
Acoustics Corporation allows for data filtering and 
replay on the IBM-PC. This enhances the data 
interpretation over the conventional 3000 computer. 
The Morton Thiokol developed SIMUL-START unit starts or 
stops data acquisition of all test units simultaneously. 
It also inserts a time cursor into the data of each 
recording device. 
P R E T E S T  E V A L U A T I O N  OF T H E  T E S T  A R T I C L E S  
The NDT of STA-2A breaks into two groups: 
( 1 )  Pretest evaluation of the test articles, 
(2) NDT inspections before, during, and after test 
loadings at MSFC. 
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The p r e t e s t  e v a l u a t i o n  c o n s i s t s  o f  i n s p e c t i o n  by  SUTRA 
b e f o r e  h y d r o t e s t ,  A c o u s t i c  E m i s s i o n  d u r i n g  h y d r o t e s t ,  and 
P u l s e  Echo a f t e r  SUTRA and h y d r o t e s t .  No i n s p e c t i o n  
f o u n d  any s i g n i f i c a n t  d e f e c t s .  
The NDT i n s p e c t i o n s  t h a t  o c c u r r e d  a t  MSFC a r e  t h e  p r i m a r y  
s u b j e c t  o f  t h i s  r e p o r t .  P u l s e  Echo i n s p e c t i o n s  were  
p e r f o r m e d  p e r  document STW7-3236, a f t e r  assembly  i n t o  
t e s t  s tand ,  a f t e r  c o m p l e t i o n  o f  t e s t  phases 5, 7, 8, and 
9, on i m p a c t  a r e a s  and any t i m e  A c o u s t i c  Emi.ssion d a t a  
i n d i c a t e d  d e f e c t  g rowth .  A c o u s t i c  E m i s s i o n  m o n i t o r e d  a l l  
t e s t s .  
e 5.1 
5.1.1 
P r e t e s t  E v a l u a t i o n  o f  STA-2A A f t  Setaaent (DA-0051 
SUTRA 
The SUTRA i n s p e c t i o n  o f  t h e  A f t  Segment f o u n d  no 
r e p o r t a b l e  d e f e c t s .  The SUTRA map i s  shown i n  F i g u r e  3.  
5-1.2 Acoust ic  Emission 
The A c o u s t i c  E m i s s i o n  d a t a  d u r i n g  - h y d r o t e s t  d i s p l a y s  3 
a r e a s  o f  AE a c t i v i t y :  
El]  f r o m  0 t o  58 i n c h e s  a f t  o f  t h e  Fo rward  J o i n t  a t  250 
degrees ,  
TWR-17748 9 
[ 2 ]  f rom 0 t o  36 i n c h e s  a f t  o f  t h e  Fo rward  J o i n t  f r o m  240 
t o  340 degrees ,  and 
[ 3 ]  f rom 0 t o  36 i n c h e s  f o r w a r d  o f  t h e  A f t  J o i n t  a t  40 t o  
140 degrees .  
The d a t a  gave no i n d i c a t i o n  o f  t h e  o n s e t  o f  f a i l u r e .  
5.1.3 Pu lse  Echo 
H e r c u l e s  p e r s o n n e l  a c c o m p l i s h e d  t h e  P u l s e  Echo 
i n s p e c t i o n s  a f t e r  SUTRA and h y d r o t e s t ,  no r e p o r t a b l e  . 
d e f e c t s  were found.  
a- 5.2 P r e t e s t  E v a l u a t i o n  o f  STA-EA Forward Seqaent (DF-004) 
5.2.1 - SUTRA 
H e r c u l e s  p e r s o n n e l  a c c o m p l i s h e d  two  SUTRA i n s p e c t i o n s  
b e f o r e  h y d r o t e s t .  The i n s p e c t i o n s  f o u n d  no r e p o r t a b l e  
d e f e c t s .  The SUTRA map i s  shown i n  F i g u r e  4. 
5.2.2 Acoust ic  Emission 
AE had t w o  a r e a s  o f  a c t i v i t y :  
[l] From 0 t o  36 i n c h e s  a f t  o f  t h e  F-orward J o i n t  f r o m  160 
t o  360 degrees .  
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[ 2 ]  220 i n c h e s  a f t  o f  t h e  Fo rward  J o i n t  a t  120 degrees .  
The d a t a  gave no i n d i c a t i o n  o f  t h e  o n s e t  o f  f a i l u r e .  
5.2.3 Pulse Echo 
5.3 
The i n s p e c t i o n s  f o u n d  no r e p o r t a b l e  d e f e c t s .  
8 
Pretest Inspections at WSFC 
B e f o r e  t e s t  l o a d i n g  a t  MSFC a p o i n t  scan i n s p e c t i o n  was 
p e r f o r m e d  as o u t l i n e d  i n  STW7-3236. The s c r e e n  d i s p l a y  
f o r  each p o i n t  was s t o r e d  on b u b b l e  memory. These 
r e c o r d i n g s  became t h e  base  l i n e  f o r  a l l  f u t u r e  
i n s p e c t i o n s .  The waveforms o f  t h e  c u r r e n t  i n s p e c t i o n  
were  super imposed  on t h e  CRT s c r e e n  o v e r  t h e  b a s e l i n e  
p o i n t s ,  any changes were t h e n  no ted .  
A P u l s e  Echo i n s p e c t i o n  was pe r fo rmed  on t h e  a r e a s  l i s t e d  
i n  DR #4421 and DR 14473. These a r e a s  were  h i t  o r  
s c u f f e d  d u r i n g  s h i p p i n g ,  i n s t a l l a t i o n ,  or i n s t r u m e n t a t i o n  
o f  t h e  segments. F i g u r e s  5-8 show t h e  r e s u l t s  o f  t h e  
i n s p e c t i o n .  I t e m s  3, 4 and 5 had n o  i n d i c a t i o n s  o f  
s u b s u r f a c e  damage. Bob Anderson o f  H e r c u l e s  r e v i e w e d  t h e  
r e c o r d e d  scans: I t e m  1 was n o t  a d e l a m i n a t i o n  and was 
p r e s e n t  on t h e  s u t r a  map. I n t e r p r e t a t i o n  o f  t h e  r e c o r d e d  
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scans suggest' Item 2 to be a delamination . This area 
was inspected after each high pressure load. No growth 
was seen during any inspections. 
6.0 ACOUSTIC EMISSION MONITORING OF STA-2A DURING TESTING 
6.1 Phase 1B. Acoustic Emission Cycle 
This test was performed on 30 January, 1985 per "Test and 
Checkout Procedure FWC-SS-TCP-001" t o  determine the AE 
characteristics of the FWC. Pressure loads were applied 
as shown i n  Figure 9. 
The data signifies the STA-2A segments had no defect 
growth during this loading. Figure 10 shows the number 
of total events recorded at each sensor location. The 
number of total events is fewer than that o f  the previous 
A €  test due to the initial matrix damage having occurred 
on the former test. Sensor locations 56, 79, 85, and 88 
had slightly higher than average A E  activity. A l l  sensor 
locations had similar total events during the load 
hold, with good event roll-off during the hold. The 
pressure relief valve system masked any possible AE 




Phase 2. A f t  ET A t t a c h  P o i n t  I n f l u e n c e  
T h i s  t e s t  was p e r f o r m e d  i n  f i v e  l o a d  c o n d i t i o n s  f r o m  4 
March, 1985 t h r o u g h  6 March, 1985 p e r  " T e s t  and Checkou t  
.Procedure  FWC-SS-TCP-008". T e s t  l o a d s  a r e  shown i n  
F i g u r e  11. 
The AE d a t a  o b s e r v e d  d u r i n g  T e s t  Phase 2 shows t h e  
segments had no d e f e c t  g rowth .  The t o t a l  number o f  AE 
e v e n t s  was v e r y  l o w  compared w i t h  t h e  p r e v i o u s  h y d r o t e s t .  
F i g u r e  12 shows t h e  t o t a l  e v e n t  r a n g e  r e c o r d e d  a t  each 
s e n s o r  l o c a t i o n .  A l l  s e n s o r  l o c a t i o n s  had f e w e r  t h a n  10 
e v e n t s  r e c o r d e d  d u r i n g  t h e  l o a d  h o l d .  No e m i s s i o n s  
o c c u r r e d  d u r i n g  t h e  download o f  p r e s s u r e .  
. Phase 3,  A f t  E t  A t t a c h  P o i n t .  I n f l u e n c e  T e s t  
With I n t e r n a l  P r e s s u r e  
T.his t e s t  was p e r f o r m e d  on 12 March, 1985 p e r  " T e s t  and 
Checkou t  P r o c e d u r e  FWC-SS-TCP-010". T e s t  l o a d s  a r e  shown 
i n  F i g u r e  13. 
The A E  d a t a  s i g n i f i e s  d e f e c t  growt 'h d u r i n g  T e s t  Phase 3 
n e a r  s e n s o r  l o c a t i o n s  55, 56, 57, 60, 65, and 71. The 
t o t a l  e v e n t  r a n g e  a c t i v i t y  o f  each s e n s o r  l o c a t i o n  i s  
shown i n  F i g u r e  14. The s e n s o r  r e g i o n s  l i s t e d  above were 
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6.4 
t h e  o n l y  sensors  t o  exceed 3000 e v e n t s .  F i g u r e  1 4  shows 
many s e n s o r s  exceeded 1000 even ts .  A l l  s e n s o r s  had good 
e v e n t  r o l l - o f f  d u r i n g  l o a d  h o l d .  Sensor  l o c a t i o n s  4 and  
80 d e t e c t e d  m i n o r  a c t i v i t y  d u r i n g  t h e  download o f  
p r e s s u r e .  Sensor  l o c a t i o n s  57 and 60 were t h e  o n l y  
s e n s o r s  t o  have l o n g  d u r a t i o n  even ts .  
The r e s u l t s  o f  t h e  p o s t  t e s t  v i s u a l  i n s p e c t i o n  a r e  as 
f o l l o w s :  
SENSOR LOCATION REASON FOR E M I S S I O N S  
4 SENSOR UNBONDING FROM C A S E  
55.56.57.65 S E P A R A T I O N  OF M A C H I N E D  OFF 
STIFFENER R I B  
60 BLISTER ON M A C H I N E D  OFF R I B  
71 
80 
SEPARATION OF THE FORWARD S T I F F E N E R  
R I B  
NO DEFECTS FOUND 
Phase 4. A f t  ET A t t a c h  P o i n t .  H iqh  Q Boost  
T h i s  t e s t  was p e r f o r m e d  on 12 March. 1985 p e r  “ T e s t  and 
Checkout  P rocedure  FWC-SS-TCP-010”’. T e s t  l o a d s  a r e  shown 
i n  . F i g u r e  15. 
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The AE d a t a  shows t h a t  a c t i v i t y  o c c u r r e d  a t  senso r  
l o c a t i o n s  10, 33 ,  45, 48, 54, 55, 57, 60, 77, and 85. 
F i g u r e  16 shows t h e  t o t a l  e v e n t  range  o f  each sensor  
l o c a t i o n .  T h i s  t e s t  phase has s i g n i f i c a n t l y  more t o t a l  
e v e n t s  r e c o r d e d  t h a n  p r i o r  t e s t s .  The A f t  Segment had 
more a c t i v e  r e g i o n s  t h a n  t h e  Fo rward  Segment. The l o a d  
h o l d  d a t a  d i f f e r s  f r o m  p r e v i o u s  t e s t s .  T h i s  i s  due t o  
c o n t i n u e d  AE a c t i v i t y  p a s t  one m i n u t e  i n t o  t h e  h o l d  by  
. s e n s o r  l o c a t i o n s  77 and 85. The d a t a  shows a r a p i d  
i n c r e a s e  i n  r a t e  a t  712 p s i .  T h i s  g i v e s  a f e l i c i t y  r a t i o  
of  0.97, wh ich  s i g n i f i e s  t h a t  t h e r e  i s  no s i g n i f i c a n t  
damage o c c u r r i n g  u n t i l  e x c e e d i n g  712 p s i .  The r e l i e f  
v a l v e  n o i s e  masked e m i s s i o n s  d u r i n g  download. 
The r e s u l t s  o f  t h e  p o s t  t e s t  v i s u a l  i n s p e c t i o n  a r e  as 
f o l l o w s :  
SENSOR LOCATION REASON FOR E M I S S I O N S  
10 NOTHING FOUND 
33 GIRTH GAGE SEPARATED FROM CASE 
45 
48 
CABLE BUNDLE R I P P E D  TAPE FROM 
CASE 
GLUE ON SENSOR SEPARATED FROM 
CASE 
54.55.57.60.61 . M A C H I N E D  OFF S T I F F E N E R  R I N G  
SEPARATED FROM CASE 
77 BUILD UP OF FORWARD R I N G  
UNBONDING FROM CASE 
85 NOTHING FOUND 
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6.5 Phase 5. A f t  E t  A t t a c h  P o i n t .  L i f t  O f f  
T h i s  t e s t  was p e r f o r m e d  on 14 March, 1985 p e r  " T e s t  and 
Checkout  P r o c e d u r e  FWC-TCP-011". T e s t  l o a d s  a r e  shown i n  
F i g u r e  17. 
The A E - d a t a  shows c o n t i n u e d  damage g r o w t h  t o  t h e  mach ined 
o f f  S t i f f e n e r  R i b  a r e a  and Fo rward  S t i f f e n e r  R ib .  AE 
a c t i v i t y  i n c r e a s e d  r a p i d l y  when t h e  l o a d  exceeded 900 
p s i .  T h i s  g i v e s  a f e l i c i t y  r a t i o  o f  0.96. The a c t i v e  
a r e a s  a r e  n e a r  s e n s o r  l o c a t i o n s  54, 60, 61, 71, 74  and 77 
( F i g u r e  18).  A l l  a r e a s  had good e v e n t  r o l l - o f f  d u r i n g  
l o a d  h o l d .  
A p o s t  t e s t  P u l s e ' E c h o  i n s p e c t i o n  was a c c o m p l i s h e d  a f t e r  
Phase 5. The p o i n t  scan r e c o r d i n g s  were  t h e  same as 
b e f o r e  t e s t  Phase 1. C o r r e l a t i o n  between t h e  A E  a c t i v e  
areas ,  P u l s e  Echo and v i s u a l  i n s p e c t i o n s  a r e  as f o l l o w s :  
SENSOR LOCATION REASON FOR EMISSIONS 
54, 60, 61 
71, 74, 77 
M A C H I N E D  OFF STIFFENER R I B  
UNBONDING (VISUAL) 
FORWARD STIFFENER R I B  UNBONDING 
(FIGURE -19) 
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@ 6.6 Phase 6, Forward  ET A t t a c h  P o i n t ,  I n f l u e n c e  
T h i s  t e s t  was p e r f o r m e d  on 3 A p r i l ,  1985 p e r  " T e s t  and 
Checkout  P r o c e d u r e  FWC-TCP-012". T e s t  l o a d s  a r e  shown i n  
F i g u r e  20. 
The AE d a t a  shows no s i g n i f i c a n t  d e f e c t  g rowth .  The A f t  
T r a n s i t i o n  r e g i o n  had u n u s u a l  e m i s s i o n s  d u r i n g  t h e  l o a d  
h o l d .  However, t h e  l o w  number o f  t o t a l  e v e n t s  i s  n o t  
i n d i c a t i v e  o f  s i g n i f i c a n t  damage. F i g u r e  21 shows t h e  
t o t a l  e v e n t  r a n g e  o f  each s e n s o r  l o c a t i o n .  A l l  s e n s o r  
l o c a t i o n s  had good e v e n t  r o l l  o f f  d u r i n g  l o a d  h o l d .  
Sensor  l o c a t i o n s  4 and 20 had e v e n t s  d u r i n g  download o f  
p r e s s u r e .  A P u l s e  Echo i n s p e c t i o n  f o u n d  no damage i n  t h i s  
a rea .  T h i s  s m a l l  number o f  e v e n t s  c o u l d  be n o i s e  f r o m  a 
l o a d  c e l l .  
6.7 Phase 7, F o r w a r d  ET A t t a c h  P o i n t  L i f t - o f f  
T h i s  t e s t  was p e r f o r m e d  on 15 A p r i l ,  1985 p e r  " T e s t  and 
Checkout  P r o c e d u r e  FWC-TCP-013". T e s t  l o a d s  a r e  shown i n  
F i g u r e  22. T h i s  t e s t  was p e r f o r m e d  i n  t w o  p a r t s  due t o  
p r e m a t u r e  au tomated  l o a d  s y s t e m  dumping. A c o u s t i c  
E m i s s i o n  m o n i t o r e d  b o t h  t e s t  l oads .  The AE d a t a  showed 
a c t i v i t y  n e a r  s e n s o r  l o c a t i o n s  27, 30, 5 4 ,  60 and 71. 
The e v e n t  r a n g e  a c t i v i t y  of each s e n s o r  i s  shown i n  
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Figures 23 a n d  24. The A E  events versus load curve is 
shown i n  Figures 25 and 26. Figure 26 shows a.non-linear 
increase in events after 100 percent load. The early 
event activity came from the previously mentioned sensor 
locations. This gave a felicity ratio of 0.91. This 
data indicates damage was near sensor locations 54, 60 
and 71. The relief valve noise masked emissions during 
download of pressure. 
A post test Pulse Echo inspection revealed the Stiffener 
Ribs unbonding. The forward R i b  was approximately 90% 
unbonded. The Aft R i b  was 35% unbonded. The outer 
composite layer began separating from the layer below it, 
adjacent to the machined-off Stiffener R i b  repaired 
region. Figures 27-31 show the inspection results i n  
more detail. 
The point scan inspection of the Transition regions 
occurred after phase 7. Noticeable changes occurred i n  
the waveforms on the forward Segment. The changes were a 
reduction i n  amplitude of some peaks and increased 
amplitude in others. These points are at 286-291 degrees 
on the forward Transition region did 255-265 degrees on 
the Aft Transition regions. None of these waveforms 
represent a delamination. The new waveforms were recorded 




Phase 8, F o r w a r d  E t  A t t a c h  P o i n t ,  Maximum A x i a l  
A c c e l e r a t i o n  
T h i s  t e s t  was p e r f o r m e d  on 5 A p r i l ,  -1985 and 8 A p r i l ,  
1985 p e r  " T e s t  and Checkout  P r o c e d u r e  FWC-TCP-015". T e s t  
l o a d s  a r e  shown i n  F i g u r e  32. A c o u s t i c  E m i s s i o n  
m o n i t o r e d  a1 1 t e s t s .  
The AE d a t a  shows no s i g n i f i c a n t  d e f e c t  g r o w t h  d u r i n g  
t h i s  t e s t  phase. F i g u r e  33 shows t h e  t o t a l  number o f  
e v e n t s  r e c o r d e d  a t  each s e n s o r  l o c a t i o n .  AE a c t i v i t y  was 
e v e n l y  d i s t r i b u t e d  t h r o u g h o u t  t h e  case. The AE a c t i v i t y  
i n c r e a s e d  when t h e  l o a d  exceeded 750 p s i .  T h i s  g i v e s  a 
f e l i c i t y  r a t i o  o f  1.05. A l l  s e n s o r s  had good e v e n t  r o l l -  
o f f  d u r i n g  t h e  l o a d  h o l d .  No l o n g  d u r a t i o n  e v e n t s  
o c c u r r e d .  A p o s t  t e s t  P u l s e  Echo and v i s u a l  i n s p e c t i o n  
f o u n d  no new damage. 
Phase 9C, P r e l a u n c h  
T e s t  phase 9C began 16  May, 1985 w i t h  c o m p l e t i o n  on 24 
J u l y ,  1985. S i x  t e s t  l o a d s  o c c u r r e d  up t o  and i n c l u d i n g  
t e s t  a r t i c l e  f a i l u r e .  T a b l e  1 show-s and e x p l a i n s  each 
t e s t  l oad .  The a p p l i e d  l o a d s  a r e  shown i n  F i g u r e s  34-39. 
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The f i r s t  a t t e m p t  t o  l o a d  t h e  s t r u c t u r e  s t o p p e d  a t  60 
p e r c e n t  l i m i t  l o a d  due t o  a m a l f u n c t i o n  o f  t h e  
i n s t r u m e n t a t i o n  S I U .  
The second l o a d i n g  o f  STA-EA o c c u r r e d  17 May, 1985. The 
t e s t  was s t o p p e d  due t o  h i g h  AE a c t i v i t y  and u n u s u a l  
d e f l e c t i o n s  i n  t h e  case. The a p p l i e d  l o a d s  a r e  shown i n  
F i g u r e  35. The r e a l  t i m e  AE d a t a  shows s i g n i f i c a n t  
d e f e c t  g r o w t h  o c c u r r i n g  i n  t h e  A f t  Segment, A f t  
T r a n s i t i o n  r e g i o n  n e a r  160 degrees .  F i g u r e  40 shows t h e  
AE e v e n t s  v e r s u s  l o a d .  A n o n - l i n e a r  i n c r e a s e  i n  AE 
e v e n t s  o c c u r r e d  when t h e  l o a d  i n c r e a s e d  f r o m  60 t o  80 
.percent .  D u r i n g  t h e  80 and 90 p e r c e n t  l o a d  h o l d  t h e  
e m f s s i o n s  c o n t i n u e d  t o  i n c r e a s e  f o r  t h e  d u r a t i o n  o f  t h e  
h o l d .  D u r i n g  t h e  r e d u c t i o n  o f  l o a d ,  f r i c t i o n  t y p e  
e m i s s i o n s  o c c u r r e d  i n  t h e  A f t  T r a n s i t i o n  r e g i o n .  F i g u r e  
41 shows t h e  t o t a l  e v e n t  r a n g e  d u r i n g  l o a d  h o l d  o f  each 
s e n s o r  l o c a t i o n .  Sensors  71, 84, and 85 were  t h e  
p r e d o m i n a n t  r e g i o n s .  
The AE d a t a  d i c t a t e d  t h e  need f o r  a f o l l o w  up P u l s e  Echo 
i n s p e c t i o n .  The r e s u l t s  o f  t h e  i n s p e c t i o n  a r e  shown i n  
F i g u r e s  42 t o  46. The P u l s e  Echo i n s p e c t i o n  was 
. d i f f i c u l t  due t o  t h e  number o f  s t r a i n  gages and w i r e s  
a t t a c h e d  t o  t h e  case  i n  t h i s  r e g i o n .  The P u l s e  Echo 
i n d i c a t i o n s  a t  l e s s  t h a n  . l o 0  i n c h e s  f rom t h e  O.D. a r e  
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due to a layer of Plastilock between ply layers fifteen 
and sixteen i n  the Transition region. NASA and MORTON 
THIOKOL stress analysis personnel determined this depth 
indication insignificant to structural integrity. 
A E  ACTIVE A R E A  REASONS FOR EMISSIONS 
71 DELAMINATION 
84, 85 DELAMINATION 
The forth loading occurred on 10 July, 1985. The applied 
load i s  shown in Figure 37. The test terminated due to 
the test loading system buckling during loading. The A E  
data shows no significant defect growth during this test. 
A Pulse Echo inspection found no defect growth. 
The fifth load occurred 16 July, 1985. 'Figure 47, events 
vs. load, shows that significant defect growth occurred 
during this test phase. The known delamination area at 
160 degrees on the Aft Transition region grew rapidly as 
the load exceeded 100 percent limit load. The data shows 
that the defect grew first i n  the circumferential 
direction, then in the forward direction, at higher load 
levels. The A E  data indicated that Pulse Echo inspection 
TWR-17748 
was necessary. Results of the inspection are 
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shown i n  F i g u r e  48. P u l s e  Echo d a t a  c o n f i r m s  t h e  AE d a t a  
on g r o w t h  d i r e c t i o n  and d e f e c t  l o c a t i o n s .  The d e f e c t  
g r o w t h  shown by  P u l s e  Echo a g r e e s  c l o s e l y  w i t h  t h e  
p r e d i c a t e d  s t r e s s  a n a l y s i s  model. 
C o m p l e t i o n  o f  t h e  t h i r d  p r e - l a u n c h  u l t i m a t e  s t r e s s  t e s t  
( s i x t h  l o a d )  was on 24 J u l y ,  1985. AE s e n s o r  l o c a t i o n s  
were  changed t o  c l o s e l y  m o n i t o r  t h e  d e l a m i n a t i o n  g rowth .  
F i g u r e  49 shows t h e  new s e n s o r  l o c a t i o n s .  AE a c t i v i t y  
began t o  i n c r e a s e  a t . t h e  s t a r t  o f  l o a d i n g  ( F i g u r e  50).  
From 0 t o  100 p e r c e n t  l i m i t  l o a d  t h e  AE d a t a  o r i g i n a t e d  
f r o m  t h e  known d e l a m i n a t i o n .  A s  t h e  l o a d  i n c r e a s e d  above 
100 p e r c e n t  t h e  AE a c t i v i t y  s h i f t e d  t o  t h e  o u t s i d e  
b o u n d a r i e s  o f  t h e  d e f e c t .  D u r i n g  t h e  l o a d i n g  above 115 
p e r c e n t  l i m i t  l o a d  t h e  A E  d a t a  shows t h a t  t h e  d e f e c t  grew 
i n  t h e  f o r w a r d  d i r e c t i o n  u n t i l  f a i l u r e .  F i g u r e  51 shows 
t h e  t o t a l  number o f  e v e n t s  r e c o r d e d  a t  each s e n s o r  
l o c a t i o n  i n  t h e  d e f e c t  r e g i o n .  The mos t  a c t i v e  a r e a s  
were  n e a r  s e n s o r  l o c a t i o n s  76, 85, 86 and s e n s o r s  2, 3, 
and 6. C u m u l a t i v e  r e s u l t s  o f  a l l  Pu lse ,  Echo i n s p e c t i o n  
o f  a l l  AE a c t i v e  a r e a s  a r e  shown i n  F i g u r e  52. The P u l s e  
Echo d a t a  c o n f i r m s  t h a t  d e l a m i n a t i o n  g r o w t h  o c c u r e d  i n  
t h e  d i r e c t i o n s  AE d i s p l a y e d  i n  r e a l  t ime .  F a i l u r e  
o c c u r r e d  i n  t h e  l o c a t i o n  o f  u n u s u a l l y  h i g h  AE a c t i v i t y  
n o t e d  d u r i n g  t h e  f i r s t  l o a d i n g  t o  90 p e r c e n t  l i m i t  l o a d .  




measurements recorded, indicate the failure occurred i n  
the location shown i n  Figure 53. Figure 54 shows a 
topographical map of A €  activity for the Aft Segment 
during failure load. 
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7.0 POST FAILURE INSPECTION OF SAMPLES 
The samples c u t  f r o m  t h e  STA-2A A f t  Segment were  
r e p r e s e n t a t i v e  o f  t h e  d i f f e r e n t  t y p e s  o f  A c o u s t i c  
E m i s s i o n  and P u l s e  Echo s i g n a l s  r e c o r d e d  d u r i n g  t e s t i n g .  
F i g u r e  5 5  shows t h e  l o c a t i o n  f r o m  w h i c h  t h e  samples  were  
c u t .  O n l y  s i x  p o s t - f a i l u r e  samples  were  e v a l u a t e d .  The 
o t h e r  samples were  used by HERCULES and MORTON THIOKOL 
Compos i te  S t r u c t u r e s  g r o u p s  f o r  f u r t h e r  a n a l y s i s .  
d i s c u s s i o n  o f  each sample f o l l o w s :  
A 
7.1 SAMPLE 9 
The s i z e  and d i m e n s i o n  o f  t e s t  sample f 9  a r e  shown i n  
F i g u r e  56. T h i s  sample was chosen because i t  i s  t y p i c a l  
o f  t h e  P u l s e  Echo s i g n a l  seen i n  t h e  A f t  Segment Fo rward  
T r a n s i t i o n  r e g i o n s .  A rea  A had P u l s e  Echo i n d i c a t i o n s  a t  
d e p t h s  o f  0.080 to 0.120 i n c h e s  from t h e  OD. T h i s  i s  
t y p i c a l  o f  t h e  p l a s t i l o c k  u n b o n d i n g  o r  h i g h  p o r o s i t y  i n  
t h e  p l a s t i l o c k .  
F i g u r e  57 shows a s i d e  v i e w  o f  t h i s  a rea .  The p o r o s i t y  
i s  e v i d e n t  f r o m  13.7 i n c h e s  t o  16."6 i n c h e s .  A v o i d  
e x i s t s  i n  t h e  c o m p o s i t e  f r o m  14.7 t o  16 i n c h e s .  The 
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7.2 
plastilock porosity was measured with calipers to be 
0.080 inches from the OD. The void was at a depth of 
0.120 inches from the OD. 
The Pulse Echo signal recorded at this location is shown 
i n  Figure 58. The waveform shows the near surface peaks 
to be predominate with peaks at the back wall depth being 
less than 10 percent o f  the screen height. 
the same type Pulse Echo signal as found i n  A. This 
porosity is not as severe as area A. Both mechanical and 
Pulse Echo measurements shows depths of 0.080 inches. 
Area B shows 
SAMPLE 12 
The location and dimensions o f  sample 12 are shown i n  
Figure 59. This sample has two abnormal regions. Area A . 
is plastilock with h i g h  porosity, area B is a 
delamination. Figure 60 shows the plastilock porosity at 
28 inches to 30.5 inches with a mechanical measured depth 
of 0.080 inches. The delamination of area B had a 
mechanical measured depth of 0.230-0.245 inchs. The 
Pulse Echo depth was 0.260 inchs. The ultrasonic signal 
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shown i n  Figure 61 displays that the near surface 
porosity blocks indications for backwall signals. 
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7.3 SAMPLE 17 
T e s t  sample  17 r e p r e s e n t s  t h e  f o r w a r d  edge boundary  
c o n d i t i o n  f o r  t h e  f a i l u r e  l o c a t i o n .  The f o r w a r d  boundary  
and d e p t h  i n f o r m a t i o n  a r e  c r i t i c a l  f o r  s t r e s s  a n a l y s i s  
and m o d e l i n g .  F i g u r e  62 shows t h e  sample d i m e n s i o n s  and 
l o c a t i o n  o f  d e f e c t s .  Two d e f e c t s ' a r e  seen i n  t h i s  
sample; A rea  A w h i c h  i s  t h e  f o r w a r d  boundary  o f  t h e  m a j o r  
d e l a m i n a t i o n  and a r e a  C w h i c h  i s  an unbond o f  t h e  
S t i f f e n e r  R i n g  b u i l d  up r e g i o n  f r o m  t h e  case. The P u l s e  
Echo i n s p e c t i o n  a t  MSFC shows d e l a m i n a t i o n  g r o w t h  o f  a r e a  
A t o  be a p p r o x i m a t e l y  2 i n c h e s  f o r w a r d  o f  t h e  S t i f f e n e r  
Rib.  F i g u r e  63 shows a p i c t u r e  o f  t h i s  d e l a m i n a t i o n .  
The P u l s e  Echo d e p t h  measurements o f  t h e s e  f l a w s  a t  MSFC 
gave an i n d i c a t i o n  o f  1.300 i n c h e s  a t  p o i n t  A and 0.530 
t o  0.547 i n c h s  a t  p o i n t  B f r o m  the ,  OD. The measured 
m e c h a n i c a l  d e p t h s  f r o m  t h e  O D  a r e  1.480 i n c h e s  f o r  p o i n t  
A a n d  0.600 i n c h  f o r  p o i n t  B. The f u l l  wave P u l s e  Echo 
s i g n a l  f o r  l o c a t i o n  A and B a r e  shown i n  F i g u r e s  64-65. 
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Area  C i s  r e p r e s e n t a t i v e  o f  t h e  b u i l d  up a r e a  o f  t h e  o v e r  
wrap. The P u l s e  Echo i n d i c a t i o n  d i s p l a y s  a d e p t h  o f  
0.065 i n c h .  F i g u r e  66 shows t h e  P u l s e  Echo s i g n a l  f rom 
t h i s  r e g i o n .  
TWR-17.748 26 
7.4 SAMPLE 18 
T e s t  sample  18 was chosen f o r  t h e  same r e a s o n  as sample 
17, i t  c o n t a i n s  t h e  f o r w a r d  edge b o u n d a r y  f o r  t h e  
d e l a m i n a t i o n  g rowth .  The i n s p e c t i o n  a t  MSFC i n d i c a t e d  
t h e  d e l a m i n a t i o n  t o  e x t e n d  a p p r o x i m a t e l y  2 i n c h e s  beyond 
t h e  S t i f f e n e r  R i n g  a t  t h i s  l o c a t i o n .  A p o s t  t e s t  v i s u a l  
o f  t h i s  p a r t  shows t h e  d e l a m i n a t i o n  t e r m i n a t e d  u n d e r  t h e  
S t i f f e n e r  R ib .  T h i s  i s  shown i n  F i g u r e  67. The 
i n s p e c t i o n  a t  MSFC i n d i c a t e d  t h e  d e p t h  t o  be 1.00-1.15 
i n c h e s .  The m e c h a n i c a l  measured d e p t h  on t h e  sample was 
1.515 i n c h e s .  T h e r e  i s  a q u e s t i o n  o f  t h e  o r i g i n  o f  t h i s  
p a r t i c u l a r  sample s i n c e  t h e  p o s t  t e s t  u l t r a s o n i c  r e s u l t s  
and v i s u a l  * e x a m i n a t i o n  c o n f l i c t  . w i t h  th.e MSFC i n s p e c t i o n  
o f  t h e  f o r w a r d  g r o w t h  boundary .  
i n s p e c t i o n  r e s u l t s  a f t e r  t h e  sample  was c u t  o u t .  T h i s  
i n s p e c t i o n  shows no u l t r a s o n i c  d e f e c t  i n d i c a t i o n  f o r w a r d  
of t h e  A f t  S t i f f e n e r  R ib .  I f  t h e  sample was t a k e n  f r o m  
t h e  a r e a  o f  130 d e g r e e s  i n s t e a d  o f  140 d e g r e e s  t h e  p o s t  
i n s p e c t i o n  r e s u l t s  w o u l d  c o n f i r m  t h e  i n s p e c t i o n  a t  MSFC. 
F i g u r e  69 shows t h e  waveform r e c o r d e d  f r o m  t h e  sample a t  
l o c a t i o n  B. 





Sample 19 was chosen because this was an A E  active area 
generating friction type emissions. The Pulse Echo 
inspection at MSFC-indicated this was a circumferential 
termination point of the major delamination. The origin 
and dimensions of the sample are shown i n  Figure 70.  The 
reason for friction type A E  are quite obvious from Figure 
71. The interesting observation from this sample is that 
the Pulse Echo inspection from the OD showed areas A ,  B 
and C but d i d  not show delamination F, G or H. The h i g h  
porosity i n  the plastilock in this location blocked the 
detection o f  the delamination. Figures 72  and 73 show 
the waveforms recorded at the A and B locations. 
SAMPLE 20 
Figure 74 shows the origin and dimensions f o r  sample 20. 
This sample was chosen because it was typical o f  the 
signals we thought represented areas of high porosity i n  
the plastilock. Figure 75 shows the porosity i n  the 
plastilock, but it also shows delaminations below. The 
waveform from location A shows the'peaks located at 0 . 4 7 0  
inches from OD. A mechanical measurement shows the . 
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8.0 
d e l a m i n a t i . o n  t o  be l o c a t e d  0 . 4 1 5 ' i n c h e s .  . F i g u r e  76 shows 
a good b a c k w a l l  s i g n a l  f r o m  a good a r e a  o f  t h i s  sample 
beyond t h e  l a y e r  o f  p o r o s i t y .  
SUMMARY OF NDT SAUPLES 
The r e s u l t s  f r o m  t h e  p o s t - t e s t  i n s p e c t i o n  o f  t h e  samples 
shows t h e  d e p t h  measurements t a k e n  a t  MSFC were  a c c u r a t e  
u n t i l  e x c e e d i n g  - 2 6 0  i n c h e s  t h i c k n e s s .  The d a t a  t h e n  
shows t h a t  P u l s e  Echo measurements exceeded a c t u a l  p a r t  
t h i c k n e s s  b y  10 t o  14 p e r c e n t .  The g r e a t e r  t h e  t h i c k n e s s  
t h e  more e r r o r .  T h i s  e r r o r  i s  due t o  t h e  u l t r a s o n i c  
c a l i b r a t i o n  b l o c k  n o t - b e i n g  r e p r e s e n t a t i v e  o f  t h e  
m a t e r i a l  measured. The s t e p  b l o c k  used f o r  c a l i b r a t i o n  
o f  t h e  P u l s e  Echo equ ipmen t  was made f r o m  j o i n t  m a t e r i a l .  
The m a t e r i a l  measured was T r a n s i t i o n  and Membrane. U n t i l  
t h e  s t e p  b l o c k  can be r e p r e s e n t a t i v e  o f  t h e  m a t e r i a l  t o  
be  measured, t h i s  t y p e  t h i c k n e s s  e r r o r  w i l l  c o n t i n u e  t o  
o c c u r .  
The mapp ing  o f  f o r w a r d  b o u n d a r i e s  o f  d e l a m i n a t i o n s  p r o v e d  
t o  be w i t h i n  t h e  t o l e r a n c e  o f  t h e - e q u i p m e n t .  U s i n g  t h e  
Z I P  p robe,  we e x p e c t e d  t h e  maximum d i f f e r e n c e  between 
P u l s e  Echo boundary  and v i s u a l  boundary  t o  be no g r e a t e r  
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t h a n  one h a l f  t h e  d i a m e t e r  o f  t h e  p r o b e  ( i . e .  o n e - h a l f  
i n c h ) .  I n  a l l  cases  e x c e p t  sample 18  t h i s  was f o u n d  t o  
be t r u e .  
The samples d e f i n i t e l y  show t h e  s h o r t  comings  .o f  t h e  
P u l s e  Echo i n s p e c t i o n  method used. The n e a r - s u r f a c e  
p o r o s i t y  b l o c k e d  s i g n i f i c a n t  s t r u c t u r a l  d e f e c t s  be low.  
Once t h e  i n s u l a t o r  i s  i n s t a l l e d ,  t h i s  b l o c k s  P u l s e  Echo 
i n s p e c t i o n  f r o m ' t h e  I D .  STA-EA was, t o  a l a r g e  e x t e n t ,  
u n i n s p e c t a b l e ,  b y  t h e  method used, i n  t h e  T r a n s i t i o n  
r e g i o n s  due t o  h i g h  p o r o s i t y  i n  t h e  p l a s t i l o c k .  
0 .  9.0 SUMMARY OF NDT RESULTS 
The NDT p e r f o r m e d  on ST..-2A shows how N T can be used t o  
a s s i s t  D e s i g n  E n g i n e e r i n g  i n  e v a l u a t i n g  t h e  s t r u c t u r a l  
i n t e g r i t y  o f  c o m p o s i t e  t e s t  a r t i c l e s .  D u r i n g  p h y s i c a l  
t e s t i n g  o f  a new c o m p o s i t e  p a r t ,  d e f e c t s  and d e s i g n  
d e f i c i e n c i e s  can l e a d  t o  p r e m a t u r e  p a r t  f a i l u r e .  NDT 
must  warn o f  t h e s e  p r o b l e m s  p r i o r  t o  p a r t  f a i l u r e .  E a r l y  
w a r n i n g  p r o v i d e s  d e s i g n e r s  t h e  o p p o r t u n i t y  t o  check  
c u r r e n t  s t r e s s  m o d e l i n g  accuracy .  W i t h o u t  NDT, d e s i g n  
-pe rsonne l  must  e v a l u a t e  t h e  p i e c e s  f r o m  t h e  f a i l u r e  and 
t h e o r i z e  t h e  f a i l u r e .  W i t h  t h e  deve lopmen t  o f  NDT, t h e  
f a i l u r e  can be m o n i t o r e d  and mode ls  c o n f i r m e d .  
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T h i s  i s  t h e  f i r s t  f u l l  sca l -e  SRM-FWC segment t h a t  
u t i l i z e d  NDT t o  warn o f  i m p e n d i n g  f a i l u r e .  A c o u s t i c  
E m i s s i o n  gave e a r l y  w a r n i n g  o f  t h i s  f a i l u r e .  P u l s e  echo 
u l t r a s o n i c  methods r e v e a l e d  s i z e  and d e p t h  o f  t h e  
d e f e c t s .  A l t h o u g h  s t i l l  a d e v e l o p i n g  t e c h n o l o g y ,  A E  
p r o v e d  i t  c o u l d  g i v e  good c o r r e l a t i o n  t o  p h y s i c a l  damage 
o c c u r r i n g  i n  t h e  case  d u r i n g  l o a d i n g .  AE's a b i l i t y  t o  
m o n i t o r  100 p e r c e n t  o f  t h e  c o m p o s i t e  i n  r e a l  t i m e  d u r i n g  
t e s t  l o a d i n g  made i t  a c r i t i c a l  t o o l  f o r  STA-2A t e s t i n g .  
The AE d a t a  f r o m  t h e  f i r s t  h y d r o t e s t  i n d i c a t e d  t h a t  t h e  
a r e a  o f  t h e  e v e n t u a l  f a i l u r e  had a d e f e c t .  However, t h e  
s p e c i f i c  u l t r a s o n i c  i n s p e c t i o n s  were  s t i l l  d e v e l o p i n g  and 
were  u n a b l e  t o . c o n f i r m  t h i s  r e g i o n  a t  t h a t  t i m e  as an 
a r e a  o f  conce rn .  U n f o r t u n a t e l y ,  t h e  more t r a d i t i o n a l  
u l t r a s o n i c  methods c a r r i e d  more w e i g h t  t h a n  t h e  newer AE 
t e c h n o l o g i e s  i n  d e t e r m i n i n g  case r e l i a b i l i t y .  
The f o l l o w i n g  i s  a b r i e f  summary o f  t h e  NDT e v e n t s  t h a t  
o c c u r r e d  d u r i n g  each t e s t  phase. 
Phase 1: 
A l l  c h a n n e l s  show good r o l l - o v e r  d u r i n g  t h e  l o a d  h o l d .  
A c t i v e  s e n s o r s  a r e  56, 79, 85, 88. P u l s e  Echo p e r f o r m e d  
t o  e s t a b l i s h  t h e  b a s e l i n e  f o r  P u l s e  Echo p o i n t s  s t o r e d  i n  




No s i g n i f i c a n t  AE a c t i v i t y .  
101-1,000 e v e n t  range. No l o n g  d u r a t i o n  e v e n t s .  
A c t i v e  s e n s o r  16 show ing  
Phase 3: 
AE a c t i v i t y  i n d i c a t e s  m i n o r  d e f e c t  g r o w t h  a t  s e n s o r s  
l o c a t i o n s  55, 56, 56, 65, 71. V i s u a l l y  seen i s  a 
s e p a r a t i o n  o f  t h e  mach ined o f f  S t i f f e n e r  R i n g  o f  t h e  A f t  
Segment, s m a l l  s e p a r a t i o n  on t h e  b u i l d  up r e g i o n  o f  t h e  
Fo rward  S t i f f e n e r  Ring. Sensor  l o c a t i o n s  60  and 61 show 
a b l i s t e r  on t h e  mach ined o f f  r i n g .  Sensor  l o c a t i o n  80 
shows no v i s i b l e  damage t o  a c c o u n t  f o r  i n c r e a s e d  A €  
a c t i v i t y .  Sensors  l o c a t i o n  71 shows t h a t  t h e  b u i l d  up 
r e g i o n  o f  t h e  Fo rward  R i n g  s e p a r a t i n g  f r o m  t h e  case. 
Phase 4: 
A €  a c t i v i t y  c o n t i n u e s  d u r i n g  t h e  l o a d  h o l d .  A c t i v e  
s e n s o r s  a r e  54, 55, 57, 60, 61  and 77. A €  i n d i c a t e s  new 
damage g r o w t h  d u r i n g  l o a d i n g  f r o m  712 p s i  and 930 p s i .  
V i s u a l  e x a m i n a t i o n  shows t h e  mach ined o f f  S t i f f e n e r  R i n g  
s e p a r a t i n g  f r o m  t h e  case. A c t i v e  s e n s o r  77 shows t h e  
b u i l d  up o f  t h e  F o r w a r d  R i n g  s e p a r a t i n g  f r o m  t h e  case. 
e -  
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Phase 5: 
A c t i v e  s e n s o r s  54, 60 and 61 v i s u a l l y  shows new 
s e p a r a t i o n  and new f i b e r  b reakage  a round  t h e  machined o f f  
S t i f f e n e r  Ring. A c t i v e  s e n s o r s  71, 74, and 77 shows 
v i s u a l .  s e p a r a t i o n  o f  t h e  b u i l d  up r e g i o n  o f  t h e  Fo rward  
S t i f f e n e r  R i n g  i n c r e a s i n g .  P u l s e  Echo p o i n t s  t a k e n  a f t e r  
t h e  phase shows no change i n  t h e  waveforms. 
Phase 6: 
The a r e a  o f  t h e  case  n e a r  s e n s o r s  3 and 38  v i s u a l l y  show 
no damage, a l t h o u g h  t h e s e  s e n s o r s  a r e  a c t i v e ,  t h e i r  
number o f  e v e n t s  i s  low. A c t i v e  s e n s o r s  80, 81, 84, 85 
and 88 were  u n u s u a l l y  a c t i v e  f o r  t h e  t y p e  o f  l o a d  
a p p l i e d .  
Phase 7: 
The t o t a l  number o f  e v e n t s  a r e  v e r y  low. A c t i v e  s e n s o r s  
3 a n d  38 shows no v i s u a l  damage. Phase 7B shows non- 
l i n e a r  g r o w t h  i n c r e a s i n g  a t  100% l o a d .  A c t i v e  s e n s o r s  27 
and 30 shows no damage t o  a c c o u n t  f o r  a c t i v i t y .  A c t i v e  
s e n s o r s  54 and 60 v i s u a l l y  shows t h e  machined o f f  
S t i f f e n e r  R i n g  d e b o n d i n g  f r o m  t h e  case. The f i r s t  
h e l i c a l  l a y e r  i s  d e b o n d i n g  f r o m  t h e  case. A c t i v i t y  f r o m  
s e n s o r s  71 and 74 i s  f r o m  t h e  d e b o n d i n g  o f  t h e  S t i f f e n e r  
R i n g s  f rom t h e  case. The f e l i c i t y  r a t i o  o f  0.91 
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i n d i c a t e s  damage. P u l s e  Echo p o i n t s  scanned a f t e r  t h e  
t e s t  phase shows a g e n e r a l  change i n  waveforms. T h e r e  i s  
a m a j o r  d e l a m i n a t i o n  o f  t h e  F o r w a r d  S t i f f e n e r  R i n g  t o  
case. 
Phase 8: 
AE d a t a  shows no m a j o r  d e f e c t  g rowth .  A E  shows a good 
f e l i c i t y  r a t i o .  The A f t  Segment shows a h i g h  number o f  
e v e n t s  f o r  t h e  t y p e  o f  l o a d ,  a l t h o u g h  a l l  e v e n t s  a r e  
s t i l l  w i t h i n  no rma l  range. P u l s e  Echo and v i s u a l  shows 
no new damage. 
Phase 9: 
The AE d a t a  i n d i c a t e d  d e f e c t  g r o w t h  o c c u r r i n g  i n  t h e  A f t  
Segment, A f t  T r a n s i t i o n  r e g i o n  a t  160 degrees .  The AE 
began i n c r e a s i n g  s h a r p l y  as t h e  l o a d  i n c r e a s e d  above 60 
p e r c e n t .  AE a c t i v i t y  c o n t i n u e d  d u r i n g  t h e  80 p e r c e n t  
l o a d  h o l d .  The  t e s t  w a s  s t o p p e d  a t  107X. A P u l s e  Echo 
i n s p e c t i o n  r e v e a l e d  a d e l a m i n a t i o n  o c c u r r e d  f r o m  155 
d e g r e e s  t o  175 d e g r e e s  i n  t h e  A f t  Segment, A f t  T r a n s i t i o n  
f r o m  8 t o  30 i n c h e s  f o r w a r d  o f  t h e  A f t  Compos i te  edge. 
The A f t  Segment f a i l e d  i n  t h e  l o c a t i o n  p r e v i o u s l y  












I I U I I LL 
ORIGINAE PAGE IS 
OF POOR QUALITyi 











ORIGINAL PAGE IS 
OF POOR QUALITM 
c . .  
I a -  
b .  
9 .  
a 
e. .. * * . .  
. .  - . .  
.* 
. .. . 
'ORIGINAL PAGE IS 




U + OI 









































O N  
QD 


















360 315 270 225 180 135 90 45 0 
ev-ts > io.000 
Event. 1001.- 10,OOO 
Events 101 - 1,000 
Events 11 - 100 
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FIGURE 21, TOTRL E EVENTS PER SBvSoR 
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FIGURE 23. TOT% EVENTS PER SENSOR LOCRTION 
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FIGURE 28. DR #4784. ITEM 2 
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A. UT dep th  .080" - .120" 
Plasti lock dep th  ,080" scalar. 
B. 
C. UT depth  .312"; diameter 1.5". 
UT depth .060" - .075" thick plast i lock layer  a t  approximately .080" depth scalar .  
D. Visual delam f r o m  .085" .1%" cracks across plast i lock into ply below. ( sca la r )  
E. Visual delam f r o m  .247" - .290" (sloping ply) scalar .  
F. Visual delam .247" scalar .  
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A. UT depth .074" 
6. UT depth .260" 
C. Mechanical depth .076" 
D. Mechanical depth .230" - .245" 
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a ROURE 62. SAMPLE #17 
L 6.5" 1.1 
A. V i s i b l e  delam: depth mechanical 1.480" (O.D.) UT depth 1.300" 
B. UT depth .530" - ,547". 
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OF POQB: QUALITY 
. 
a -68. S M # 1 8  
( . ntlD . . . 
1.5" 




A. Scalar depth 1.515" from OD surface of  StiPfener Rib. 
Approx. scalar depth from OD cylinder .450". ( i e  - less Stiffener Rib) .  
B. UT depth 1.715" (75% S/H) .  
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a FWRE70. SAMF'LE+19 
49.5" 
A. UT depths .lOO" - .110" (porous plastilock) 
C. 
B .  UT depths .120" 
UT depths .loo" - .110" (porous plastilock) 
E. UT depths .080" - .090" 
F. Scalar depths ,270" - .320" 
G: 1.185" a t  16.5 inches; 1.530" a t  20 inches; 1.275" a t  2 1 . 5  inches (scalar) 
H .  
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